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A HISTOCHEMICAL STUDY OF THE DERMO-EPIDERMAL MEMBRANE IN
COWHIDE*

SUMMARY

The dermo-epidermal membrane was demon-
strated to have fibrous elements, a few scattered
cellular elements, and amorphous elements. The
fiber elements were reticular fibers (the principal
fiber) and elastin. A few scattered fibroblasts
were demonstrated close to the area of the corium
minor. The amorphous material is suggested to
be mucoprotein and/or glycoprotein.

INTRODUCTION

The dermo-epidermal membrane of skin in
rats (3), mice (3), humans (8 (p. 304), 14) and
cowhide (2) has been reported as periodic acid-
Schiff (PAS) positive, and containing reticular
fibers. The positive PAS reaction of the basement
membrane has been variously attributed to the
presence of a lipo-gluco-protein complex (1),
glycoprotein (3), chondroitin sulfate B bound to
protein (9), chrondroitin sulfate B and hyalu-
ronic acid (12), and mucopolysaccharides (13).
This investigation was undertaken to further
investigate the PAS positiveness of the dermo-
epidermal membrane and the presence of pre-
viously unmentioned compounds, fibers, and
other structures. The dermo-epidermal mem-
brane will be referred to as the basement mem-
brane hereafter.

MATERIALS AND METHODS

Cowhide was used as a source of material for
this study. The hide was obtained immediately
after slaughter, allowed to cool (114 hours),
washed, trimmed, and stored in a deep freeze
(—40°C). As the need arose, hide was removed
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from the deep freeze, thawed, and cut into blocks
for purposes of fixation and sectioning. Fixation
was accomplished by the routine use of formol
saline. Additional fixatives as Lillie’s alcoholic
lead nitrate (8 (p. 42)) for mucoproteins and muco-
polysaccharides, and alcohol formalin and Car-
noy’s for glycogen staining were also employed.

Fixed frozen section were cut 6 to 8 x thick on a
Spencer sliding microtome with a Histofreeze
attachment.

The fixed sections were stained for the following
components:

a. Elastin: orcein (6 (p. 256)).

b. Reticular fibers: a modification of the
Bielschowsky and Maresch methods (8 (p. 343)).

c. Collagen: Van Gieson’s picro acid fuchsin,
100 mg per 100 ml picric acid solution, plus 0.25 ml
of concentrated HCI (8 (p. 346)).

d. Triglycerides: acetic carbol Sudan III (4)
and acetylated Sudan black B (8 (p. 304)) the pro-
cedure was modified to include the use of Celite
as a filtering aid, the acetylated product which
adhered to the Celite was removed by washing
with acetone.

e. Metachromasia: 0.05% thionin at pH 4 for
30 minutes (8 (p. 286)).

f. Cholesterol and its esters: the Schultz
methods (8 (p. 317)).

g. Phospholipids: dichromate-fixed sections
extracted with acetone at room temperature
(6 (p. 165)) and fixed unextracted sections were
stained with acid hematein.

h. PAS-positive material: two staining meth-
ods were used, an alcoholic periodic acid-Schiff
reagent with a sulfite rinse and picric acid counter-
stain (2), plus Pearse’s orange G Hotchkiss alco-
holic periodic acid technique (11 (p. 831)). These
methods were used in parallel.

i. Viecinal hydroxyls
Bauer’s method (5 (p. 59)).

j. Glycogen: iodine technique (8 (p. 276)).

k. Acid mucopolysaccharides: Steedman’s
Alcian blue as modified by Pearse (11 (p. 838))
and Hale’s dialyzed iron technique (7), the di-
alyzed iron used was obtained from the British
Drug House Ltd., Poole, England.

1. Basophilic substances: Dempsey and
Singer’s methylene blue extinction (11 (p. 836)).

(carbohydrates):
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TABLE 1

Staining Reactions of the Amorphous Material in
the Basement Membrane

Amorphous
Method Materal o

Membrane
Tyrosine (protein)............... +
Sudan black B................... —
PAS. ... +
Diastase......................... Fast
Metachromasia (v)............... —
Metachromasia (8)............... +
Methylene blue extinction tech-

DIQUE. ..ot Above pH 4
Alcian blue (pH 2)............... -
Hale (7)......................... -
Hyaluronidase................... Fast
Pepsin and trypsin plus PAS..... -
Phospholipids .. . ................ —

m. Protein (tyrosine): the Millon reaction
according to Bensley and Gersh (11 (p. 791)).

The fixed sections were also treated with the
enzymes hyaluronidase, pepsin, and trypsin, and
then stained by PAS (11). The hyaluronidase
treatments were carried out in the following
manner. Sections were fixed in formol saline,
washed in distilled water, and incubated at 37.5°C
in well slides with a hyaluronidase buffer solution
(25 mg hyaluronidase (Armour) dissolved in 100
ml 0.1 M Veronal-acetate buffer, (pH 6.77) for 15
hours; the sections were then washed and stained.
The trypsin treatments were performed as follows.
Sections were fixed in formol saline, washed in dis-
tilled water, and incubated in well slides at 37.5°C
for 15 minutes to 8 hours at a pH 8.9 using phos-
phate buffer (0.05 M) containing 1 mg of trypsin
(L1814, Matheson, Coleman and Bell) per ml. The
sections were then washed and stained. The pepsin
treatments were carried out as follows. Sections
were fixed in formol saline, washed in distilled
water, and incubated in well slides for 1 to 3 hours
at 37.5°C in 0.12 N HCI pH 1.6 solution contain-
ing 2 mg crystalline pepsin (380204 Matheson,
Coleman and Bell) per ml. The sections were then
washed and stained.

RESULTS

The basement membrane was found to have
three components, amorphous material, fibers
(elastic and reticular), and a few fibroblasts
which appear to penetrate the region from the
corium. The principal fibrous elements were
reticular fibers with a few scattered elastin fibers
penetrating the basement membrane from the

corium minor. The interwoven fibers were im-
bedded in a matrix of amorphous material.

The amorphous material was found to be mod-
erately PAS positive and strongly protein positive
(tyrosine), negative for triglycerides, steroids,
and their esters, glycogen, mucopolysaccharides,
and phospholipids. The methylene blue extinetion
test was negative at pH below 4 and positive at
pH 4.1 and above. The B-metachromatic reaction
was positive using buffered thionin. In sections
pretreated with pepsin or trypsin, basement
membranes lost their PAS reaction; in sections
predigested with hyaluronidase, they retained
their positive PAS reaction.

The occurrence of elastin and fibroblasts in
addition to reticular fibers in the basement
membrane was not unexpected, for the dividing
line between the basement membrane and corium
minor is not sharp and clean-cut. Therefore, one
could reasonably expect some components of
the corium minor (elastin and fibroblasts) to
oceur to some extent in the basement membrane
area.

The amorphous material of the basement
membrane was previously described as PAS
positive. In order to ascertain the nature of the
PAS-positive reaction of the basement mem-
brane, the scheme of Pearse (11 (pp. 236-239))
was utilized. Pearse (11 (p. 235)) has stated
that compounds such as polysaccharides, muco-
or glycoproteins, glycolipids, unsaturated lipids,
and phospholipids gave PAS-positive reactions.
The results of the staining experiments were
tabulated and compared with the reactions as
cited in Pearse’s scheme. Comparison of Table
1 and Pearse’s scheme suggest that the PAS-
positive material could be muco- and/or glyco-
protein. Additional support for this statement
was the negative PAS reaction obtained when the
sections were pretreated with trypsin or pepsin
and then stained by the PAS technique.

An attempt to characterize further the amor- -
phous material as muco- or glycoprotein, or-a
combination of both, was made. Meyer (10)
has defined mucoprotein as a complex (protein
and hexosamine) which has more than 4 %, hexos-
amine bound to the protein, whereas glycopro-
tein has less than 4% hexosamine similarly
bound. The Bauer technique (8 (pp. 120-122)),
a sire of the PAS staining procedure, was then
used. In Bauer’s technique, chromic acid is
used as an oxidant before placing in the Schiff
reagent.
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The positive Bauer reaction is of interest, in
that the basement membrane was also colored
by this less sensitive reaction, as well as by the
periodic acid-Schiff reaction. Such an observa-
tion suggests the presence of a relatively higher
concentration of vicinal hydroxyls, i.e., carbo-
hydrate, than is seen with a negative Bauer
reaction. Hence, on the basis of the preceding
experimental results, it is suggested that a
muco- or glycoprotein, or a combination of
both, makes up the bulk of the amorphous ma-
terial in the basement membrane.
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